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ABSTRACT 
Antiserum was produced to an endo-polygalacturonate trans- 
eliminase enzyme isolated from cultures of Erwinia carotovora. This 
serum was used to localize binding sites of the enzyme within cucumber 
medullary tissues by an indirect fluorescent antibody labeling tech¬ 
nique. Specific fluorescence of the bound enzyme-antibody complex 
appeared limited to cell walls in both frozen and paraffin sections. 
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An endo-polygalacturonate trans-eliminase (endo-PGTE), isolated 
and purified from cultures of Ervinia carotovora (isolate 14), has been 
associated with electrolyte loss and the simultaneous occurrence of 
tissue maceration and cellular death in potato tuber and medullary 
tissue of cucumber (6,9). 
The close association between tissue maceration and cellular death 
as induced by highly purified endo-PGTE led Mount et_ al. (6) to suggest 
that these events may be directly related to the degradation of pectic 
substances which were readily accessible only in unplasmolyzed tissue. 
It was suggested that the enzyme acted at points within the cytoplasm 
or in association with membranes. Later work by Tseng and Mount (9) 
showed that endo-PGTE affected tissue prior to plasmolysis only, and only 
when the cell wall was present. There was no apparent effect of endo- 
PGTE on the membranes of isolated cucumber protoplasts, suggesting that 
perhaps cellular death is probably a secondary effect of the enzyme. 
However, alteration of binding sites which may occur during isolation 
of protoplasts may preclude action of the enzyme within the cell or 
on the plasma membrane (9). In order to clarify this point, studies of 
enzyme labeling with fluorescent antibody were undertaken to localize 
binding sites of endo-PGTE within cucumber tissue as observed by light 
microscopy. 
Endo-PGTE was purified from nutrient broth shake culture, supple¬ 
mented with 1% sodium polypectate, of Erwinia carotovora (Jones) Holland, 
isolate 14 in a manner similar to that described by Mount et al. (6). 
A 50 to 90% ammonium sulfate precipitate of the cell-free culture fil¬ 
trate was subjected to DEAE cellulose column chromatography on a 2.3 X 
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25 cm column and eluted with 0.05M Tris-HCl buffer, pH 8.0. Pooled 
fractions from DEAE cellulose chromatography were further purified by 
isoelectric focusing. Endo-PGTE activity was determined by the perio- 
date-thiobarbituric acid (TBA) method (10). One unit of enzyme activity 
was defined as that amount of enzyme which caused an increase in absor¬ 
bance of 0.1 in 30 min at 548 nm (6). Subsequent to isoelectric focus¬ 
ing enzyme preparations were examined by disc gel electrophoresis on 
15 and 7.5% polyacrylamide gels at pH 4.3 to determine homogeneity of 
purified protein. Cathode migration was conducted for 1 hr after which 
gels were stained with 0.5% coosamine blue or 0.5% ponceau red-S in 
7% acetic acid (Figure 2B in Addendum). 
Purified enzyme (ca. 5000 units) was injected into New Zealand 
white rabbits in a series of three, two-milligram of protein injections 
on a six week schedule. Titre of the antiserum to endo-PGTE obtained 
from the rabbits was (1:360) as determined by microprecipitin-ring tests. 
Specificity of the antiserum to purified endo-PGTE as well as enzyme 
partially purified by DEAE cellulose column chromatography was demon¬ 
strated by a single band appearing when using the micro-Ouchterlony 
slide diffusion tests in 0.85% Bacto purified agar (2). (See Addendum.) 
Prior to preparation for sectioning the cucumber tissue was incu¬ 
bated in a solution of purified endo-PGTE (6.5 units of enzyme activity) 
in 0.05M Tris-HCl buffer at pH 8.0. Excess enzyme was washed from the 
tissue by rinsing with several changes of the same Tris-HCl buffer. 
Frozen sections of cucumber tissue were made either by embedding 
in a commercial cryotome embedding material and freezing on the quick 
freeze bar of the cryotome or by a procedure similar to that suggested 
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by Knox (5), in which the tissue was supported in 15% gelatin and frozen 
by plunging the gelatin block into liquid nitrogen. Sections were cut 
at 10-20 microns in a Lipshaw Cryotome at -20 C and mounted on slides 
smeared with Haupt's fixative (4). 
Paraffin sections were prepared by a modified freeze substitution 
technique (3). One to two millimeter cubes from the medulla of a cucum¬ 
ber fruit were cut and subjected to treatment in a purified endo-PGTE 
solution as above. The tissues were then rinsed briefly with Tris- 
HC1 buffer and fixed in a solution of 10% acrolein in phosphate buffer 
at pH 7.2 to which 5% dimethylsulfoxide was added to act as an anti¬ 
freeze agent (5) in preventing ice crystal formation. Fixation was 
carried out for 6 h at 4 C after which tissues were removed, washed in 
phosphate buffer and frozen rapidly in an isopentane bath cooled in 
liquid nitrogen (3). Alternatively, tissues were incubated in endo- 
PGTE, washed, and promptly quick frozen as above. In either event, 
frozen tissues were dehydrated over a period of 48 h in two changes of 
absolute ethanol at -40 C after which they were cleared in toluene and 
embedded in paraffin. Sections were made at 10 microns on an American 
Optical rotary microtome, pressed with the forefinger onto a microscope 
slide smeared with Haupt's fixative (4) and warmed briefly at 53 C. 
Paraffin was removed with xylene and rehydration was accomplished through 
a graded ethanol series. 
Fluorescent staining was accomplished on both frozen and paraffin 
sections by the indirect method described by Weller and Coons (11). 
Sections were incubated for 15 min with antiserum to the enzyme and ex— 
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cess antiserum was washed from the section with phosphate buffered 
saline (PBS). The antibody-enzyme complex was then localized within 
the tissue by staining with fluorescein-labeled rabbit antigamma glob¬ 
ulin from goat (Difco) containing a 1:20 dilution of FA rhodamine 
(Difco) to act as a counterstain and reduce non-specific binding of 
the fluorescein complex (8). 
Stained and unstained control sections were examined under dark- 
field illumination on an American Optical Fluorolume Fluorescent micro¬ 
scope equipped with a mercury vapor lamp (Osram HBO 200). A fluores¬ 
cein isothyocyanate (FITC) barrier filter emitting exciting radiation 
to the specimen and a yellow-green interference filter were employed 
to filter out ultraviolet light and enhance contrast. 
Specific yellow-green fluorescence due to binding of the fluores¬ 
cein-labeled complex to the enzyme appeared to be limited to cell wall 
regions at the periphery of enzyme treated sections as illustrated in 
Figure 1A-D. In sections prepared by all of the above techniques, 
specific fluorescence in the cell walls contrasted well with the blue 
autofluorescence of the tissue and red fluorescence of the counter¬ 
stain. Control sections, incubated with either buffer alone or auto¬ 
claved enzyme in place of active enzyme, showed no specific yellow- 
green fluorescence but did exhibit non-specific red fluorescence and 
blue autofluorescence in cell wall regions and in the cytoplasm. 
Eistochemical stains for pectin (7) demonstrated the presence of pec- 
tic substances in the sane regions labeled for endo-PGTE binding, 
notably in the primary cell wall and middle lamella (1). 
Under the above experimental conditions, the binding of endo-PGTE 
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appears to be limited to the cell wall. No specific fluorescence could 
clearly be demonstrated in association with any membranes or cytoplasmic 
structures. These observations suggest, in agreement with the discus¬ 
sions of Tseng and Mount (9), that the mechanism of killing by endo- 
PGTE is probably due to some indirect effect of the enzyme related to 
chemical disruption of the cell wall. However, as resolution of the 
above techniques is rather limiting, further studies are now underway 




1. ALBERSHEIM, P. and U. KILLIAS. 1963. Histochemical localization 
at the electron microscope level. Amer. J. Bot. 50:732-745. 
2. CARPENTER, P. L. 1965. Immunology and Serology. W. B. Saunders 
Company, Philadelphia. 456 pages. 
3. JENSEN, W. A. 1962. Botanical Histochemistry. W. H. Freeman and 
Company, San Francisco. 408 pages. 
4. JOHANSEN, D. A. 1940. Plant microtechnique. McGraw-Hill, New 
York. 523 pages. 
5. KNOX, R. B. 1970. Freeze-sectioning of plant tissues. Stain 
Technol. 45:265-272. 
6. MOUNT, M. S., D. F. BATEMAN and H. G. BASHAM. 1970. Induction of 
electrolyte loss, tissue maceration, and cellular death of potato 
tissue by an endopolygalacturonate trans-eliminase. Phytopathology 
60:924-931. 
7. REEVE, R. M. 1959. A specific hydroxylamine-ferric chloride 
reaction for localization of pectin. Stain Technol. 34:209-211. 
8. SMITH, C. W., J. D. MARSHALL, JR. and W. C. EVELAND. 1959. Use 
of contrasting fluorescent dye as counterstain in fixed tissue 
preparations. Proc. Soc. Exp. Biol, and Med. 102:179-181. 
9. TSENG, T. C. and M. S. MOUNT. 1974. Toxicity of endo-polygalac- 
turonate trans-eliminase, phosphatidase, and protease to potato 
and cucumber tissue. Phytopathology:64:229-236. 
WEISSBACH, A. and J. HURWITZ. 1959. The formation of 2-keto-3- 
deoxyheptonic acid in extracts of Escherichia coli B. J.Biol. 
10. 
Chem. 234:705-709. 
WELLER, T. H. and A. H. COONS. 1954. Fluorescent antibody 
studies with agents of varicella and Herpes zoster propagated 
in vitro. Proc. Soc. Exptl. Biol. Med. 86:789-794. 
8 
Figure 1A-D. Sections of cucumber medullary tissue showing label¬ 
ing by an antibody complex tagged with a fluorescent dye which binds 
specifically with the extracellular endopolygalacturonate trans- 
eliminase (endo-PGTE) extracted from JE. carotovora cultures (X 450). 
A.) Paraffin section prepared by a freeze substitution technique 
without prior fixation showing specific yellow-green fluorescence (SF) 
restricted to the cell wall regions along the periphery of the ma¬ 
terial. Brilliant fluorescence from within the cell (NF) was not 
due to binding of fluorescein but rather tissue autofluorescence and 
fluorescence due to use of the FA rhodamine counterstain. B.) Tissues 
were fixed and infiltrated with an antifreeze agent after which they 
were prepared for paraffin sectioning by a freeze substitution method. 
Various cytoplasmic structures were visible but not specifically 
stained. Plastids (P), in particular, were intensely stained with 
the red counterstain. Specific fluorescence (SF) was again restricted 
to cell wall regions. C.) Large, vacuolate cells prepared by section¬ 
ing tissues frozen on the quick freeze bar of the cryotome showing 
specific fluorescence (SF) in cell walls only. D.) Frozen sections 
of material quick frozen in liquid nitrogen showing a cross section 
of cell walls (in the center of the frame) and overlaying cell walls 
(in upper portion) in which specific fluorescence (SF) for binding 





Figure 2A. Diffusion of e-PGTE antisera from central wells against 
e-PGTE purified by DEAE column chromatography (outside upper wells) 
or e-PGTE purified by isoelectric focusing (outside lower wells) 
resulted in a single precipitation band on a micro-Ouchterlony 
diffusion test which was stained with ponceau red-S. No precipi¬ 
tation bands were observed when normal rabbit sera was diffused 
against either purified or partially purified e-PGTE. 
Figure 2B. Migration of e-PGTE purified by isoelectric focusing 
resulted in a single band on disc gel electrophoresis in either 15% 
(upper) or 7.5% (lower) acrylamide gels. 
Figure 2A 
• • . 
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Figure 2B . 
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F I G U R E LEGENDS 
Fiqure 1. Licking (solid line) and barpressing (fine broken 
line) for subjects 1 and 3, Experiment One. Upper 2 panels 
(l SACC and 3 SACC) from fourth SACC-SIP session. Lower 2 
panels from COF-SIP session conducted subsequent to home cage 
aversion training (COF+LiCl(IP)). Each panel represents 
approximately 8 hours of time (183 reinforcers). After 7000 
responses, graph line resets. Above the cumulative tracings 
in the bottom 2 panels, a heavy black line (broken) has 
been drawn to indicate intervals during which at least one 
post pellet lick was emitted. 
Figure 2. The effect of repeated SACC-SIP+APO sessions on 
subsequent SACC-SIP: session by session data for each 
subject. Measures of Total Ml (SACC) are unconnected because 
of missing data points (spillage). 
Figure 3. Lick data from Figure 2, further divided into 
session quarters. Each curve represents, for a particular 
subject, licking within a specified portion of each session, 
across all 6 sessions. Thus, the curve in the upper right 
comer represents licking, by subject 1, during the last 
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